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Besides its use in the X-ray and UV regions of the spectrum, synchrotron radiation (SR) is now receiving attention as a light source also in the IR and FIR (Refs. [1] [2] [3] ~ because of some interesting characteristics : a higher spectral density than a black-body as OJ --+ 0 (then in far IR), a time structure with regular short pulses, and its calculability, which suggests its use as a standard for calibrations.
As ports for FIR in SR facilities have just been set up (Ref [3] ), or will be in the near future, it might be of interest to point out possible effects influencing the FIR SR spectrum, say 1011-1013 Hz (or 3-300 em -1 or 3 mm-30 ~m), in order to warn users, and to suggest experiments aimed at verifying the existence of these effects and allowing a quantitative analysis of them. Here we limit ourselves to a qualitative analysis and an indication of order of magnitude of some examples for realistic parameters of machine and apparatus.
In the ideal case of a single particle on a circular trajectory in free space, the e.m. field seen by the observer is qualitatively as in figure 1 , and its integral in time is zero, therefore the spectrum tends to zero as co -+ 0. (and 3/4 of it is polarized in the plane of the orbit).
The spectrum of the whole beam, as long as particle times of arrival are uncorrelated (incoherent radiation) is multiplied by the number of electrons per unit time. The effects modifying this spectrum can be of various kinds :
1) The trajectory is not circular : effect of edges of magnets.
2) The observer sees each particle in different points of the trajectory because of deflection of radiated field due to reflections etc. (vacuum chamber, focussing elements, ...).
3) The observer does not see a long arc of trajectory, because of obstructions in between (limited acceptance).
4) Coherent addition of fields from different electrons in a bunch; effect possibly enchanced and extended to higher frequencies by « turbulence » in the beam. At wavelengths comparable to the bunch length, it becomes a dominant process.
5) Multiple reflections : waveguide effects, leading to suppression or enhancement of specific modes. This effect becomes a dominant process at wavelengths comparable to the vacuum chamber dimensions (several cm). The effect of this on the total emitted power has been treated (Ref [5] ).
Here we do not try to describe the influence of this on the FIR spectrum, then we do not consider this case.
Let us now take various cases and give examples : 1) Edge effects. If we consider a magnet of finite length 2 Ra with the tangent to the observer at its centre, the pulse seen by the observer (Fig. lb) is « cut off » outside a time interval 2 r such that : so that (convolution theorem) the spectrum is convoluted by the FT of a rectangle of widths 2 r. Then the cusp at (u = 0 (let us consider also negative frequencies) is smoothed and the spectrum is modified as in figure 2 , which has been numerically calculated for a given value of the parameters.
The value at QJ = 0 is equal to the area of the curve in figure 1 that has been cut off (Ref [6] ). In practice the situation will rather be asymmetric, with one edge not far from the observation point : this can be calculated numerically in the same way.
2) Interference of reflected light In some cases a reflected pulse can travel in the same direction as the one directly emitted, as in the case of reflections from the vacuum chamber indicated in figure 3 .
The time lag between the two pulses is : (Fig.1 b) The amplitude, as a function of time, of the light passing through a narrow slit at S is then a convolution of the usual pulse ( Fig. la) with a rectangle function of width r. Qualitatively, this looks as in figure 4 . This is only for a narrow slit, of width ~,/ ~ (= separation of fringes produced by light at wavelength at an angle ~). Moreover, for the whole beam, the spread in electron angles and in observation angles tends to blur the interference effects, just as in the case of undulators.
With special mirrors, peculiar effect could be seen : for example if the mirror is made of N (for ex. N = 3 or 4) strips, each longer than R/y, the spectrum through a narrow slit at 0 = 0 (if the beam width is less than ~,/a), would be a band of relative bandwidth 1 /N, as from an undulator.
In the particular case of interferences in the direction of straight sections, they can easily be seen also in the visible, and they have been described by some authors (Ref. [8] = exp(-2 t2/T2), the spectrum of coherent radiation at a given angle is equal to the product of the single-particle spectrum times the FT of p(t), i.e. p(co) = exp(-2 T2 c~2). Remark : while the single-particle (incoherent) spectrum is dependent on angle, the factor exp(-2 T2 0)2) is not (the duration of the bunch does not depend on the observation angle 0). At low frequencies, the coherent intensity tends to be N times the incoherent one, where N is the number of electrons in a bunch. If N ~ 10" and T 70 ps as at Daresbury, coherent emission is appreciable (N exp(~-2 T2 c~2) &#x3E; 1) for ~ ~ 8 mm.
Therefore, if the bunch has the ideal equilibrium form, the effect of coherent emission in the range that we consider (~, 3 mm) is negligible (see Ref [9] 
